Abstract ••• Morphology and surface roughness of Canasite, SiC, carbon, glass disk and cover glass substrates covered with 0 A, 500 A and 1000 A of Cr film were studied using an atomic force microscope (AFM). This study resulted in precise qualitative and quantitative descriptions of the sample surfaces. It was demonstrated that the surface morphology of a hard disk substrate determined the appearance and surface roughness of a thinner Cr film (500 A). Thicker Cr films (1000 A) controlled surface roughness, when deposited on smooth surfaces, with a regular surface morphology (carbon, glass disk, cover glass). Very deep (or very high) surface roughness features of SiC and Canasite surfaces, with diameters exceeding average Cr grain size, were not only reproduced but even enhanced by the 1000 A Cr film.
The rapid advancement of ultra-high density magnetic recording storage systems puts high demands on the design and quality of all the components. The hard disk substrate is one of the most important components. The physical properties of the substrate affect properties of a magnetic medium significantly. The surface roughness of the substrate influences friction, stiction and wear of the head-disk interface as well as magnetic anisotropy [1] . It is predicted that 10 Gbit/inch 2 longitudinal recording may be realized in the near contact or contact regime [2] . Even higher densities may be achieved in contact perpendicular recording. Therefore the surface roughness of the magnetic medium will affect the effective physical and magnetic head-to-medium separation.
Several new materials for hard disk alternate substrates including carbon, glass, Canasite [3] [4] [5] and other ceramics have recently been used. The surface roughness of these materials is rarely discussed, however, and the authors usually limit their. results to only one roughness parameter (Ra or Rms). In addition no extensive studies have been reported on correlating surface morphologies of hard disk substrates with the fmal surface roughness and morphology of a thin film media.
The purpose of this paper is to report on studies of the morphology and surface roughness of several alternate hard disk substrates covered with Cr thin films using atomic force microscopy (AFM).
EXPERIMENTAL PROCEDURE
Thin Cr films of 500 A and 1000 A were deposited on different substrates using a RP diode sputtering system with RF substrate bias at a deposition rate of -250 Nmin, at 10 mtorr Ar pressure and -100 V substrate bias. The target-to-substrate distance was 2.5" and the average substrate temperature developed during deposition was 120°C -150 °C as measured with a surface thermometer. These sputtering parameters were chosen to create high mobility deposition conditions so there was no tendency to extensively roughen the covered surface [6] . Small coupons cut from 2.5" (65mm) in diameter hard disk substrates of carbon, SiC, glass and Canasite and cover glass were used as substrates for deposition. The crystallographic orientation of Cr films was determined using an X-ray diffractometer.
Very high smoothness and good surface repeatability are the features characteristic of thin cover glass. Therefore Cr films deposited on these substrates were treated as reference samples, showing the kind of roughness and surface morphology developed by Cr films when substrate surface morphology effects are negligible.
The prepared samples as well as coupons with no Cr overcoat were studied in an atomic force microscope (AFM). Sample areas with diameter of 0.5 J.lIIl to 7 J.lIIl were imaged. The following surface roughness parameters were measured:
The mean roughness Ra is defmed [7] by
where f(x,y) describes surface position relative to the mean plane, Lx • Ly are the dimensions of the surface; Rz -average difference in height between the five highest peaks and five lowest valleys relative to the mean plane.
The Ra parameter describes surface in general by classifying it as "smooth" or "rough". R z is a measure of an average roughness amplitude and compared with Ra indicates nonuniformities in the surface morphology. For this reason R z is an important tribological parameter [8] .
These roughness parameters were measured from the areas between 4 J.Un2 and 12 J.Un2 depending on what minimum area was necessary to include all high and low frequency surface features.
Ill. REsULTS AND DISCUSSION
Crystallographic texture of the Cr films developed with thickness in a similar manner for all the substrates used. The thinner films of 500 A had mixed orientation with {llO} dominant texture. The thicker films of 1000 A had strong {11O} crystallographic texture with only a few { lOO} and {211} oriented grains in the film. Figure 1 shows surface roughness parameters for all of the samples examined and will be discussed in conjunction with AFM images shown in Figure 2 Both roughness data ( Fig. 1 ) and AFM micrographs ( Fig. 2 and 3) show that surface roughness of 500 A thick Cr films was controlled by the roughness of the substrate. Both R z and Ra increased for almost all the samples except Canasite (Ra> and glass disk (Rz). In case of Canasite small decrease in mean roughness was most probably caused by the nanoroughness of Cr film which made the surface more regular. Slight decrease in R z for glass disk sample was most probably due to filling of shallower grooves by Cr grains. The surface morphology of the films deposited on rougher substrates (glass disk, SiC, Canasite) was almost identical to that of uncoated substrates. Fine surface grains of Cr (200 to 400 A in diameter) were barely distinguishable in these samples. In case of the two smoothest samples surface grains of Cr, 300 A to 500 A in diameter, were clearly visible. Grains grown on carbon are round, regular in shape; those grown on glass tend to be elongated which probably resulted from differences in initial surface state affecting grain nucleation. Increase of the Cr film thickness to 1000 A drastically changed the surface morphology and roughness of all the samples. From Fig. 1 it is obvious that surface roughness of Cr deposited on cover glass, carbon and glass disk is in these cases entirely controlled by the Cr film. Roughness parameters of all of these three· samples are almost identical (Ra "" 13 A, R z = 112 A to 120 A). Elongated grains of Cr (300 A x 700 A on average) are clearly visible on these surfaces. Slight differences in the average Cr grain sizes and shapes (see Fig. 2 and 3 ) are probably a result of different nucleation at disk surfaces and possible differences of substrate temperatures developed during deposition [6] . It should be noted that roughness amplitude R z decreased with the thickness of Cr when deposited on glass disk which was due to smoothing out of the shallow grooves and ridges on the glass surface. Some deeper grooves at the glass disk sample surface are still visible (see Fig. 2 ) and they cause slightly larger R z than for carbon and cover glass. The larger surface features of Canasite and SiC substrate surfaces were reproduced and even enhanced by 1000 A Cr deposited on them probably due to autoshadowing and abnormal growth rate of Cr grains at these spots. Cr surface grains growing at the edges of deep grooves at the SiC surface appear to be higher and larger than the other grains. The groove depths in some cases exceeded 80 A. Shallower surface morphology features at the Canasite surface were covered by the 1000 A Cr film which led to almost no change in the mean surface roughness compared to the uncoated sample. Larger features such as high hills and craters increased their height Crater depths up to 400 A were measured in this sample. Cr grains at the crater edges have different appearance than at the other areas of the sample, where Cr grains resemble grains observed on the surfaces of the other samples.
IV. CONCLUSIONS.
Experimental results obtained show that surface morphology and roughness of a hard disk substrate influences the morphology and roughness of the deposited film. The strength of this influence is determined mostly by the initial surface roughness features of a substrate and the film thickness. For thin films of Cr (500 A) surface morphology and roughness were to high degree controlled by a substrate. Surface roughness and morphology was controlled by the 1000 A Cr film itself when grown on smooth substrates (carbon, cover glass) or a substrate with shallow grooves of which widths were of the order of Cr grain size (glass disk). Surface roughness, and to high degree, surface morphology of 1000 A Cr film grown on Canasite and SiC were still dermed by the substrate surface. Larger surface features such as very deep grooves (SiC) and deep craters (Canasite) were not only reproduced but even enhanced by the Cr ftlm leading to large increase in surface roughness amplitude. The results also show that such extreme substrate surface features may lead to large microstructural nonuniformities in the overcoating fIlm.
